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Abstract; This article studied the effects of ferulic acid, P-coumaric acid, syringic acid, P-hydroxybenzoic acid and
vanillic acid at different concentrations on the growth and physiology of Panax notoginseng seedlings. The results
showed that shoot height, root length, soluble protein content, root activity, CAT and POD activity of P. notoginseng
seedlings decreased. Among them, shoot height and POD activity of seedlings were decreased obviously by ferulic
acid; and the shoot height of 50, 100 mg - L' P-coumaric acid and 100 mg + L' vanillic acid were 16.19% , 16.67%

and 29.29% dramatically lower than that of the control group. The root length of seedlings were also reduced signifi-
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cantly by P-coumaric acid, syringic acid and P-hydroxybenzoic acid, and the root activity of vanillic acid were reduced
significantly as well ,meanwhile the CAT activity of seedlings were decreased by 10, 50, 100 mg - L' Syringic acid,
P-hydroxybenzoic acid and vanillic acid. In addition, the content of chlorophyll of seedlings were also reduced obvious-
ly by 1 mg - L ferulic acid and 100 mg - L vanillic acid. Furthermore, the content of MDA increased at higher con-
centrations of ferulic acid, P-coumaric acid, syringic acid and P-hydroxybenzoic acid, while it decreased significantly
at 0.1, 1, 10 and 100 mg - L™ concentrations of vanillic acid. Besides that, the SOD activity of seedlings increased
when treated with syringic acid, vanillic acid, P-hydroxybenzoic acid and higher concentrations of P-coumaric acid,
moreover vanillic acid increased them significantly. The results showed that five phenolic acids had some certain allelo-
pathic inhibitory effects on P. notoginseng seedlings, but the effects were not completely consistent. Among them, feru-
lic acid had greater influence. These provides some theoretical reference for further research of allelopathic autotoxicity
of P. notoginseng.
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x1 AEKREBHBEVRLEN=LHEESHFM (cm)

Table 1  Effects of phenolic acids at different concentrations on shoot height of Panax notoginseng seedlings

TR AL PR BE Treatment concentration (mg - L)
Allelochemical
elocheniea 0 0.01 0.1 1 10 50 100
P23 e 4.20£0.070a  3.03£0.025de  2.73+0.075e¢  3.50+0.100bc ~ 3.65+0.150b  3.24+0.210cd  3.27+0.065cd
Ferulic acid
X R 4.20£0.070a  3.77+0.400ab  3.69+0.015ab  3.71+0.040ab  3.72+0.150ab  3.52+0.015b 3.50+0.000b
P-coumaric acid
THR 4.20+0.070a 4.03+0.000a 3.15+£0.080c  3.42+0.115bc  3.58+0.005b 3.24+0.135¢ 3.25+0.150¢
Syringic acid
XFRFLIR PR 4.20£0.070a  4.00+0.100ab  3.87+0.035abc  3.39+0.240cd  3.70+0.13abed  3.59+0.185bed  3.34+0.210d
P-hydroxybenzoic acid
FHR 4.20+£0.070a 4.17+0.100a 4.19£0.135a 3.99+0.015a 4.13+£0.025a 4.17+0.000a 2.97+0.035b

Vanillic acid

W7 AR FRRER BF (P<0.05), T,

Note : Different letters in same line mean significant differences ( P<0.05). The same below.

x2 AREKREBHBREYRLEN = LHERKHFM (cm)

Table 2 Effects of phenolic acids at different concentrations on root length of Panax notoginseng seedlings

TR AbPRH FE Treatment concentration (mg » L)
Allelochemical
clochiemed 0 0.01 0.1 1 10 50 100
(TSI 1.33+0.025a 1.26+0.010a 0.80+0.000b 0.51+0.040¢ 0.93+0.125b 0.97+0.065b 0.78+0.025b
Ferulic acid
X7 DR 1.33£0.025a  0.85+£0.050cd  0.73£0.000d  0.99+0.085bc  0.75+0.050d  0.89+0.015bcd  1.02+0.050b
P-coumaric acid
THmR 1.33+0.025a 0.79+0.040¢ 0.97+0.035b 0.95+0.020b 0.84+0.060bc  0.83+0.025bc  0.87+0.065bc
Syringic acid
YRR R 1.33+0.025a 1.02+0.050b  0.80+0.050bc  0.83+0.125bc  0.87+0.065bc  0.89+0.060bc  0.76+0.110c
P-hydroxybenzoic acid
FHR 1.33+0.025a 1.28+0.050ab  0.92+0.050cd 0.78+0.050e 1.18+0.025b 0.95+0.020¢ 0.81+£0.040de

Vanillic acid

. BIE2EM B E K 40.05, T

Note : The mean difference is significant at the 0.05 level. The same below.

R3I FAEREBBEYRLEN=ZLYHEATIEEORIENZIE (ng-g')

Table 3  Effects of phenolic acids at different concentrations on soluble protein content of Panax notoginseng seedlings

TR AbPEHR BE Treatment concentration (mg - L)
Allelochemical
elocheniea 0 0.01 0.1 1 10 50 100
P23 e 15.47£0.925a  11.03£1.415b  13.45+0.190a  14.16+0.325a  14.17+0.330a  13.83+£0.615a  13.57+0.365a
Ferulic acid
X R 15.47£0.925a  12.76+0.480b  13.35+£0.960ab 13.64+0.220ab 13.51+£0.295ab 13.37+1.525ab 13.23+0.330ab
P-coumaric acid
THR 15.47£0.925a  13.91£0.300ab 14.54+0.165ab 14.46+0.235ab  12.74+0.165b  12.86+1.320b  13.73+0.680ab
Syringic acid
XRFLIR PR 15.47+£0.925a  14.30+0.425ab  13.22+0.140ab 13.71+1.045ab  13.10+£0.240b  14.21£0.790ab  12.42+0.725h
P-hydroxybenzoic acid
FHR 15.47£0.925a  14.44+0.790a  14.32+0.300a  14.12+0.070a  14.93+0.145a  13.87+1.140a  14.44+0.290a

Vanillic acid

F 7 FH1,0.01 ~ 100 mg - L7 49k JiE 15 2 25 4 o b #110.50,100 mg - L' F) T &BR A iR &
IS =yl ha S AR T AR TR R, L R BRI YIR R T R R ALK (P<0.05) ,1.,10
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R4 TRKEBBREYRLEXN=tHHPHRERSENIIM (JI SPAD [HER)

Table 4 Effects of phenolic acids at different concentrations on chlorophyll content of Panax notoginseng seedlings

AL PR BE Treatment concentration (mg - L)

b &y 5t
Allelochemical

clochemiea 0 0.01 0.1 1 10 50 100

FATZRL R 27.60+1.180ab 26.40+0.000abc 26.73+3.575abc  19.25+3.550c  27.23+1.575ab  28.80+3.100a  19.85+0.000bc
Ferulic acid

X 7 DR 27.60+1.180ab  22.80+1.700c¢  29.20+1.400ab 24.85+1.050bc  30.35+1.200a  22.58+2.175¢  29.23+0.375ab
P-coumaric acid

THR 27.60+1.180ab  30.08+1.625a 24.85+0.550ab  21.83+1.275b 26.18+5.425ab 24.65+0.600ab 28.55+2.450ab
Syringic acid
XFRFLIR PR 27.60+1.180ab  25.78+0.025bc  30.63+0.225a  22.70+0.000c  30.10+1.150a  28.23+2.275ab  23.35+0.350c
P-hydroxybenzoic acid
FHR 27.60+1.180ab  30.73+1.325a 28.65+1.850ab 29.58+0.125ab  25.05+2.55bc  25.58+0.525bc  21.75+1.650c¢

Vanillic acid

£5 REREBBENFRLER=LHERAEEZAOEM (pg- g - h)

Table 5 Effects of phenolic acids at different concentrations on root activity of Panax notoginseng seedlings

AL PR Treatment concentration (mg - L)

(=271
Allelochemical
0 0.01 0.1 1 10 50 100
P B3 7 730.42+18.550a 721.94+£12.190a 669.48+11.660c 702.34+2.115ab 724.59+1.060a 670.54+2.120bc 728.30+2.650a
Ferulic acid
X7 R 730.42+18.550a 724.06+3.710a 621.79+0.000c 728.83+3.180a 727.77+2.120a 678.49+10.070b 671.07+9.010b
P-coumaric acid
THR 730.42+18.550a 694.92+7.420abc 709.76+9.535ab  532.77+2.120d  521.64+4.770d 673.72+18.020bc 671.07+6.890c

Syringic acid
POEAE 5 A 730.42+18.550a 682.20+7.420ab 662.06+2.120b 600.07+18.545¢ 565.10+28.085¢ 673.19+5.830b 656.24+12.185b

P-hydroxybenzoic acid

R 730.42+18.550a 636.63+6.360b 582.58+7.420c 577.28+10.600c 572.51+14.310c 516.34+1.590d 526.94+7.950d

Vanillic acid

x 6 ARKEMBEWRAEN=L£4E MDA EEMZM (nmol - g')

Table 6 Effects of phenolic acids at different concentrations on MDA content of Panax notoginseng seedlings

HEPRHE Treatment concentration (mg + L)

b 5

Allelochemical

clochemea 0 0.01 0.1 1 10 50 100

P2 iR 31.10+2.320ab  20.02+3.100b  27.7324.045ab  26.86+0.000ab 32.16+6.140ab 31.67+7.195ab  38.67+8.340a
Ferulic acid

X 75 LR 31.10£2.320a  31.06+2.015a  39.42+3.045a  29.89+2.070a  32.65+3.760a  34.80+4.755a  37.13£5.405a
P-coumaric acid

THEm® 31.10£2.320a  22.26+1.750a  37.3424.040a  34.84%6.250a  35.62£6.320a  31.74%6.235a  30.20+5.465a
Syringic acid
X 32 R H iR 31.10+2.320ab  38.70+0.565a 31.66+3.435ab  25.88+3.160b 33.58+4.015ab 34.95+4.230ab 36.74+5.585ab
P-hydroxybenzoic acid
T H R 31.10+2.320a  29.23+1.435ab  25.06+0.730bc  25.94+1.960bc  26.10+0.595bc  29.03+1.215ab  22.50+0.100c

Vanillic acid

mg « L™ [ Bl 25 R A PR ZH 0 ) R T BR A ARBRE =B A o AL B G T P24 HE e R G
48.20% 1 47.64% ( P<0.05) , T X} 75 57 1R 45 v B 4k Horp ) By 29 e b B A 44 AR T X IR (P <0.05) 5

PR BN .3 (P>0.05) 0.01 mg « L™ /% &7 2 R o i A 3B 21 43 001) (3
2.2.6 3=k 4h i B B (POD) &M 8% R BT e 48.48% 22.56% ( P<0.05) ; % B 5L H iR

HIZE 8 AIH1,0.01 ~ 100 mg - L' R EBPREY T AWEELLBIAER T 1 mg - L'AMIIAE] T BEMKF
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x7 AEAREBBEYRLESE=tHEPFIENEEBEETENTHL (U-¢' - min")
Table 7 Change of catalase activity of Panax notoginseng seedlings under

the treatement of phenolic acids with different concentrations

AL PRH FE Treatment concentration (mg + L)

1Y) T
Allelochemical 0 0.01 0.1 1 10 50 100
(g7 880.00+ 585.00+ 710.00= 460.00+ 465.00+ 635.00+ 550.00+
Ferulic acid 55.000a 35.000ab 90.000ab 20.000b 50.000b 35.000ab 70.000ab
X 75 ELR 880.00+ 465.00+ 455.00+ 610.00+ 730.00+ 525.00+ 625.00+
P-coumaric acid 55.000a 5.000a 21.000a 23.000a 10.000a 14.0000a 65.000a
THEmR 880.00+ 500.00+ 645.00+ 575.00+ 570.00+ 595.00+ 560.00+
Syringic acid 55.000a 30.000b 15.000ab 45.000b 50.000b 75.000b 90.000b
X R IR 880.00= 780.00+ 570.00+ 675.00 495.00+ 605.00+ 520.00+
P-hydroxybenzoic acid 55.000a 70.000ab 10.000be 95.000abe 5.000¢ 65.000bc 30.000bc
R 880.00+ 685.00+ 505.00+ 560.00+ 625.00+ 535.00+ 600.00+
Vanillic acid 55.000a 35.000ab 65.000b 70.000b 15.000b 35.000b 55.000b
8 AAKEBBREMRLEE=tHEFTRLDETENTE (U- ¢ - min')
Table 8 Change of peroxidase activity of Panax notoginseng seedlings under
the treatement of phenolic acids with different concentrations
TR R AL BEHJE Treatment concentration (mg + L)
Allelochemical
0 0.01 0.1 1 10 50 100
Pl 2R R 656.00+ 322.00+ 394.00+ 468.00+ 404.00+ 400.00+ 476.00+
Ferulic acid 44.000a 14.000¢ 22.000bc 20.000b 40.000bc 32.000bc 84.000b
X TR 656.00+ 338.00+ 426.00+ 474.00+ 396.00+ 398.00+ 394.00+
P-coumaric acid 44.000a 38.000b 26.000ab 2.000ab 48.000ab 54.000ab 46.000ab
THmR 656.00+ 538.00+ 628.00+ 586.00+ 486.00+ 432.00+ 512.00+
Syringic acid 44.000a 2.000abe 20.000ab 50.000abc 22.000bc 10.000¢ 24.000abc
YR FEIE R 656.00+ 410.00+ 436.00+ 464.00+ 410.00+ 536.00+ 428.00+
P-hydroxybenzoic acid 44.000a 38.000b 44.000b 52.000ab 22.000b 20.000ab 60.000b
TR 656.00+ 508.00+ 528.00+ 538.00+ 570.00+ 534.00+ 562.00+
Vanillic acid 44.000a 52.000b 36.000ab 70.000ab 14.000ab 2.000ab 34.000ab

R FRREBBREVMRLESG=tHEFERLYEUEFTENTL (U-g")

Table 9 Change of SOD activity of Panax notoginseng seedlings under the treatement of phenolic acids with different concentrations

KPR Treatment concentration (mg + L)

1LY 5
Allelochemical
clochemea 0 0.01 0.1 1 10 50 100
R B iR 325.82+ 337.46+ 346.18+ 343.28+ 298.18+ 290.91+ 340.36+
Ferulic acid 32.000a 46.545a 8.730a 23.275a 50.910a 66.91a 32.000a
X 7 ELR 325.82+ 286.55+ 306.91+ 429.10+ 442.19+ 466.91+ 44218+
P-coumaric acid 32.000bed 24.725d 16.000cd 65.455abc 14.545ab 36.360a 40.730ab
THR 325.82+ 336.00+ 331.64+ 450.91+ 398.55+ 408.73% 427.64%
Syringic acid 32.000a 39.270a 43.635a 2.910a 98.905a 42.180a 58.185a
K HR TP R 325.82+ 401.46+ 417.46+ 411.64+ 429.09+ 456.73+ 414,55+
P-hydroxybenzoic acid 32.000b 58.185ab 36.365ab 65.455ab 16.000ab 2.910a 10.185ab
TR 325.82+ 429.09+ 448.00+ 455.28+ 481.46+ 452.36+ 472.73+
Vanillic acid 32.000b 45.090a 20.360a 39.275a 21.815a 13.090a 7.275a
(P<0.05) PRI AL 3L — L 4 v S A B AL T 1 6

2.2.7 st Z e 4h AR AAHALHEE (SOD) B H A A —, Hih TFH#R IR R N A 5 i b
" R 9 T, 0.01 ~100 mg - L' SWEANFE PR ARG PR IR L IR, HoA iR 45 R b B
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Table 10  Allelopathic differences of Panax notoginseng seedlings under the treatements of different phenolic acids
ZHRHURSEE M, —RIURFEH M,
=2 GIRY
piagin A
B & - 3 g ~

LRAIB R ey 3 sy g B %”; A MDA CAT POD  SOD
Allelochemical R PR bR Seed[iﬁ;‘l ol A = = SE M OEME M

M, Agronomic  Phsiological ang Soluble Root MDA CAT POD  SOD

. height  length . Chlorophyll """ . - .
Character indexes protein content activity content activity activity activity
content

BRI 035 047 -0.24 031  -0.64 013 -0.16 -0.04 -0.12 059  -0.62  0.00
Ferulic acid
X TR -0.26 -0.35 -0.18 -0.15 -0.55 -0.13 -0.06 -0.06 0.08 -0.59 -0.64 0.15
P-coumaric acid
TR -0.26 -0.38 -0.14 -0.23 -0.53 -0.10 -0.08 -0.17 -0.01 -0.54 -0.26 0.16
Syringic acid
X HE R F R -0.25 -0.36 -0.14 -0.16 -0.55 -0.12 -0.05 -0.15 0.05 -0.48 -0.48 0.23
P-hydroxybenzoic acid
R -0.19 -0.24 -0.15 -0.08 0.39 -0.05 -0.04 -0.29 -0.19 -0.52 -0.22 0.29

Vanillic acid

T M T =18, FORBA AT | AAbH, AR BIAT 6 R RRUREAT 3 NS, M, P, SRR R (CBLR B RIS ) n=18x2=36; 4l i A B AR (245
AT TR B i AR R RRIE J14E 7 AMERR) o0 =187 =126, M, SRR A £E 3 (LA (LR 2 i Ak Z MR A i A BRAR BRI T ) 0 =36+126= 162,

Note: n=18 in M, means that there are 6 concentrations in every treatment and every treatment has 3 repetitions. Agronomic characters of Panax notoginseng seedlings in-

clude shoot height and root length(n=18%2=36) in M,, while physiological indexes include 7 indicators such as soluble protein content, chlorophyll content, root activity

and so on(n=18%x7=126). Comprehensive effects of phenolic acids include both of agronomic characters and physiological indexes in M;(n=36+126=162).

23K 5 5 FE K (P<0.05) 5 % 7 SR AL BEZH 1Y
WG PEAE R E0.01 ~ 0.1 mg » L7 &b 38T WEA T %)
AR IF AR (P>0.05)  HAEH R EE 1~ 100
mg + L'bF R & TR, H 50 mg - L' AL B4
Lot B 5 H143.30% ( P<0.05) ; AT 85 12 Ak 39 2 A 1 3%
PELEAREE 0.01~1 mg » L™ AL R WG 25 T X IR ( P<
0.05) .
23 AEABMBE = ENLBIERER

TR =LA 0 T 45 B R ) o A B T )73
TRURFE A, 25 R WA 10, & 10 AT, — . =8
EURFE B A3 (e, DRH 5 Ry R X =-E4h
FACEIVHIEA . th— USR5 M v A
okt =LA B AR RS A
SRR ARG CAT 1% POD i PE#A 1
YER . M R ABUBAR L M, T AL, S Rl R X — L4
B AR 2R AR 38 BR324 2 30k B0 VR A, ELOX
REARRAINHIE R . i = AR £ M, 7T
A, =R N BRI 11 A SR 1 4 O UK
3 3tig
155 2 DA Sk — B (A A 7 A O LA &k
T o WA ik A5 T =X ) BB R Rk A AR A T R

e 08 30 P 2B AR A B B A2 AR AR IR Y Al
YIALBAER X A B A K AR MR B AR R
YA B B (38554, 2009) o ASBIFSE &
5 PR =LA B m AR K B —
(R RIAE T, HAGHS A3 18 31 5 25 PR K 6 5 Ry
FRPIRENE 2 =LA IE R K

FEPIR N AT PE 2 RO OB & S HE A
PHAE AL FR A P LA, it AT A BT
() R AT AR I A 9 A 3 A A IR A (K e T
45 2012), 0.01~100 mg - L) 5 Fhi FRAE A5 75—
FERRRE A = 4 Al AR B A 1R
A5 B I T 1 JB A A e R, DT AR AT
=LA A B A &, JF H 0.01 mg - LY
(R BT AR R AN X ER 10 150 mg + LB T & AR .10
PIJ%Z 100 mg « L7 A% 72 28 B R A F A I %

2R 28 i AR SR R T ) R i A AR ROk
DL EEAE bR, AT 5 R R BRI IL =L
TR R 1, AR I IEH A H , X5 F 5%
(2001 ) RIS 1 BT B R % 8 B 2 H R | A 0 i o) A
MR RIE TTASEm —EL, 5 PR R AL FE S = -E4h i
2R R 5 i A — BRIV E RS B
1 mg - L AIBTERER .0.01 F11 50 mg - L' X AR |
1 1100 mg - L' AXREIL PR (100 mg - L7
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WY 36 %

TR YHE W E PRI = A T SR R i, X T R
SR RIX 5 Fi R S T A — WK EE T B IR 4
25 WA 2R 28 & 0, IS 82 A U
MR R R (KB 45, 2012)

FE A I 5 A i shad A, A0 A7 A 0
S AR RS BRI P, FE s e | i 4™
Ao, 95 DR AL S BUR R S 2, iR
ML B2 BIWIR (34055, 2011) . AHPI A0
INAY SOD . POD CAT 83T AL Eg v LIFE—E R I
HEAR PR K 38 B ) S0 A W31, SOD REH 8 S BT 5
T H 3L AL H,0,, POD CAT W 3¢ H,0, 13k
B ( EAMESE | 2004) , ARBFFEH, & B ER IS Ak
S, =L 40T A POD HI CAT B G ME A FTFEAIR ;
THFR AR IR RN =L
SOD & HEA BT 3G i, B R R A B A1 55k B 3 AR
W 0.01 ~ 1 mg - LA 505 =-E£4h i SOD
TR AS R (H P & R 1~ 100 mg - L' 402
B IH B 3G AN B A9 SOD 5% ; Pl B AR AL L X =k
LIHTAY SOD G PERZ M AN &, X e B AE A 45
7Sy iy st o) s R NI PR = | NI AT o
=LAl RS R SR, SR P Y SOD I {H
AT B T =L 4l 0 AS [ 288 o 1 40 o ) S B AN
[m], R SOD ¥if 1 % 384 fin it AN [R] 5 [W] B, POD il
CAT MG PEY TR, B SOD 74k 1% 4 480 7= A= 1)
H,0,# T POD F1 CAT HIWE R AE S, Xl iE &5 %
EXCUR R a7/J 0P UN:- 28 SN (1D G R we ) ' D dd c¥ 1798

T30 B o B s AR 2 80 % R kA
R It S Ak SN, TR R B i ot S e i 2 —
R FH B oM 37 4 M IS e S Ak A B RN A A X 3
Be S E IO b s 55 (2254, 2009) , SR ZE R
B, 5% HEAH B, TP v 10.50,100 mg - L7 4 il
PR XA ERR T AR ORI R R AR e S i —
AR MDA F i, R = L4 i e X LA Y
ALFER POD (CAT & M FEAR - BT 40 i B i 1 A Ak
TR A IR, Fe X2 0 MDA & A B4, i i it
SER B TR R A5 VAR A B TS B A A AIK —
EAIHTAY MDA S IR RN =LA A E , &
11 0.01~100 mg - L™ A7 S ER T = -5 4 14 B 45 44
FEAR A X T BRSO = B4 A R
VEFH R 38 3k 77 A e S A i 25 3 17 P AL 1 T
UK Y/ PORAe) ST sk TR o

W LE A BUBRIE BOR R , 5 P IR X = L 4l
P AR EI/E A B =B 4 % 5 R e A Bk

JE T], xf BT B0 1 %) R B O R, X 5 R ST
(2014) FRIF SR 45 R — 2, H BT BLIR 7 =L AR PR 145
H ) B A v, DRI BT AR R T e O =B H BRI
FEYZ —, MR T IE D S U ZFARSAAE,
Krogmeier et al( 1989 ) H I 5% 3¢ IH ] 24 R 55 ) ik )
SRR R AR b AT R 2 Dy X £ oK /N2 55
T8 1 S RN 4l i A A I s i), (B 7 g v
XFHIETCREM | PRI, A3 A T R4 T FH ) 1 i
it HFIE,
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